The production of the existing nitrogen fertilizer is costly and less environmental-friendly. Various green technologies are currently emerging toward providing alternative options. In this study, a liquid/liquid hydrophobic hollow-fiber membrane contactor was employed at ambient temperature and natural urine pH ~ 9.7 to recover ammonium fertilizers from human urine. Results showed that permeate side chemistry was one of the major factors affecting the ammonia mass transfer. The study on the ammonia capturing performance of diluted sulfuric acid, phosphoric acid, nitric acid, and DI water confirmed that acid type, acid concentration, and permeate side operating pH were the most important parameters affecting the ammonia capturing tendency. Sulfuric acid was slightly better in capturing more ammonia than other acid types. The study also identified increasing acid concentration didn't necessarily increase ammonia mining tendency because there was always one optimum concentration value at which maximum ammonia extraction was possible. The best permeate side operating pH to extract ammonia for fertilizer purposes was selected based on the dissociation equilibrium of different types of acids. Accordingly, the analysis showed that the membrane process has to be operated at pH > 3 for sulfuric acid, between 3.5 to 11.5 for phosphoric acid, and above 0.5 for nitric acid so as to produce their respective high-quality liquid ammonium sulfate, ammonium monophosphate/diphosphate, and ammonium nitrate fertilizer. Therefore, permeate side acid concentration, pH, and acid type has to always be critically optimized before starting the ammonia mining experiment.
Introduction
Plants obtain their nutrients from fertilizer supply. Nitrogen is relatively one of the macro-2 elements required in the biggest amount [1] . This nitrogen can only be taken in the form of 3 ammonium and nitrate which is can be found easily from the commercial fertilizer. The 4 production of the existing nitrogen fertilizer was based on the Haber-Bosch process which is a 5 costly process of manufacturing ammonia by mixing nitrogen and hydrogen from the air using a 6 catalyst. It is less environmental-friendly and consumes a considerable amount of global energy 7 [2]. 8 Nitrogen recovery from various waste sources can be an alternative option to assist or 9 fully substitute the prevailing system. Urine is one of the most nitrogen-rich wastes that 10 potentially provide a high nitrogen source. Moreover, mining nitrogen before it joins the 11 treatment plant entails additional benefit in reducing the cost which otherwise would be incurred 12 in nitrogen and phosphorus removal in advanced tertiary level treatment system [3] . 13 Various green technologies are currently emerging toward providing alternative options 14 to supply nitrogen. [4] utilized a hybrid process involving biological processes with distillation 15 technology. In this method, a membrane-aerated biofilm reactor was operated to produce a 16 nutrient solution having high ammonium nitrate composition which later concentrated and 17 recovered as a dry powder using the conventional distillation process. This technology is 18 interesting but consumes high energy in the distillation process. Moreover, recovering valuable 19 resources from urine in the feed side also has the risk of absorbing pharmaceuticals and other 20 micropollutants of the urine in the final product. Another similar study [5, 6] also considered the 21 hybrid of ureolysis and precipitation technology toward precipitating minerals such as struvite 22 and octacalcium phosphate. However, this technology also has some disadvantages such as 1 having a slow biological process and the tendency of having poor quality fertilizer. There are 2 also studies which recovered minerals from various nitrogen-rich sources in the conventional 3 stripping process [7] [8] [9] [10] . This technology basically looks simple and has been extensively 4 studied for ammonia nitrogen recovery by different scientists. However, its biggest disadvantage 5 goes to the investment incurred on the continuous heating and aeration requirements. There is 6 also a study [11] using a reverse osmosis membrane to recover nitrogen through concentrating 7 the feed and increasing the osmotic pressure. This process requires high energy for putting the 8 hydraulic pressure in place and special membranes with high mechanical strength. [12, 13] also 9 investigated ion exchange for recovery of nitrogen as ammonium from urine for use as a 10 fertilizer and disinfectant. In this process urea gets hydrolyzed naturally and forms ammonium 11 (NH4 + ) then materials with negatively charged sites will be utilized to adsorb the ammonium.
12
The major limitation of this process is the preparation of such negatively charged material 13 adsorbing ammonium is not easy, complete recovery of ammonium is not possible, and a high 14 dose of adsorbent is required in case of using high-nitrogen feed sources such as human urine.
15
In this study, therefore, a liquid/liquid hydrophobic hollow-fiber membrane contactor 16 (HFMC) was employed to recover ammonium fertilizers from human urine. This technology 17 allows direct contact and easy mass transfer between gaseous and liquid phases. In HFMC there 18 is a high tendency of recovering any kind of volatile resources such as ammonia. This method 19 generally requires less energy [14] and there is also a high tendency of being harmonized with 20 green energy as less temperature and no aerations were required. Moreover, this technology is 21 environmentally friendly, less chemical-intensive., much faster than normal stripping as it 22 provides a large active surface area between the feed urine and stripping acid solutions [3] . It 1 also has the highest packing density. This technology has been employed in the direct contact 2 membrane distillation process for arsenic [ There are a couple of studies who applied the hollow fiber direct contact membrane 5 distillation process to recover nitrogen as a fertilizer [3, 14, 22] . Quite a considerable amount of 6 study has been released so far regarding the effect of some of the most important parameters on 7 the ammonia recovery performance of the hollow-fiber contactor. Generally, studies show that 8 various parameter affects ammonia capturing performance of the membrane contactors. These 9 factors can be summarized into three categories: feedwater behavior, module/membrane type, 10 and the operating parameters [23].
11
However, among all these parameters, the effect of permeate chemistry was given less 12 attention as it seems to be less significant. Some studies such as [23-25] slightly addressed the 13 permeate chemistry issue but still lack to clearly indicate the rationale how it affects the 14 ammonia capturing tendency. The permeate chemistry also has an indirect effect on the 15 ammonium capturing tendency of the permeate which has not been addressed so far by any of 16 the studies conducted in the HFMC. This study, therefore, strongly focuses on addressing issues The mean pore size, porosity, and liquid entry pressure of the membranes were 0.1 μm, 63%, and 
Urine Feed Composition and Chemicals Utilized

18
A simulated hydrolyzed human urine modified from the composition of a recent study [26] was 19 adopted ( The feed and permeate volume were 500 ml and the permeate acidity was varying from 0.005 M 7 to 0.6 M. The experiment was conducted for about 200 min and the feed flow rate and permeate 8 flow rate were constantly kept to be 200 mL/min and 100 mL/min, respectively. An ambient 9 temperature and natural urine pH ~ 9.7 were kept throughout the experiment. As per the 10 7 recommendation from [23], the synthetic urine with a chemical composition in Table 1 was 1 circulated on the shell side and the diluted acid flowed counter-currently on the lumen side of the 2 membrane with an objective of moving the ammonia ion through the hydrophobic membrane 3 with the driving force being the chemical reaction of the acid with ammonia gas. Details of the 4 process were shown in the schematics below see Fig. 1 . Temperature, conductivity, and pH of 5 both the permeate and feed sides were continuously measured throughout the experiment. Every 6 30 min 10 mL of samples were taken from the permeate to measure the ammonium-Nitrogen These inorganic acids were selected because they basically have the most important primary or 10 secondary anion sources for the growth of plants that can be obtained from fertilizers (primary 11 elements required for plant growth are N, P, K and secondary are S, Ca, Mg see Fig. 1(b) ) [1] .
12
The response of these acids in the experiment has been evaluated based on their effect on 13 changing the receiving solution behavior. These response includes the ammonia-nitrogen 14 capturing performance ( Fig. 2(a) ), pH increment of permeate solution (Fig. 2(b) ), permeate 15 conductivity response (Fig. 2(c) , (f)), temperature response ( Fig. 2(d) ), and feed conductivity 16 response ( Fig. 2(e) ). The response of different types of acids and their respective relevance with 17 fertilizer formation was discussed as follows. As shown in Fig. 2 , the comparison of the five permeate solution revealed that sulfuric 10 acid was relatively superior in its ammonia capturing tendency (see Fig. 2(a) ) followed by nitric 11 acid, blend of all acid, phosphoric acid, and DI water respectively. This is mainly due to the 12 interaction between the ammonium and the anion from the permeate acid dissociation. As you 13 can see in Fig. 2(b experiment. There is an optimum pH range at which the HFMC system must be shutdown. This 22 optimal pH range was selected based on the type of permeate solution to be extracted. In this 1 experiment, only liquid fertilizer was targeted. Hence we selected the pH range at which there is 2 a possibility of high-quality useful fertilizer production. Subsequently, for sulfuric acid as a 3 permeate solution, the HFMC process shut down has to be set at any pH > 3 (see Eq.
(2) and Fig.   4 3(a)) so as to produce high-quality liquid ammonium sulfate (NH 4 HSO 4 ) solution [23]. The other possible nitrogen-rich fertilizer to be produced is from the diluted nitric acid solution.
3 Ammonium Nitrate NH 4 NO 3 has also an excellent role as a fertilizer. However, it can also be 4 used as an explosive and an oxidizing agent. It can be formed at any operation pH above 0.5 (see The application of DI water as a permeate in the HFMC was not further considered for two 13 major reasons. Primarily, it produced an ammonium hydroxide solution which is not applicable 14 as fertilizer. Secondly, its ammonia capturing tendency was very slow and its pH responds very 15 fast (see Fig. 2(b) ). Once the pH reaches pH = 9.2 (see Eq. (4) and Fig. 3(d) ) and ammonia concentration reaches saturation, there will be no more mass transfer through the hydrophobic 1 membrane and even ammonia ion might start to migrate back to the feed side. Generally, from the above analysis, we can see that the final permeate has three very important 5 behavior depending on the permeate acid strength and available ammonium ion. The percentage increase in permeate pH indicated in Fig 2(b) was 7%,11%,13%, 19%, and 72% 2 for the sulfuric, nitric, blend, phosphoric acid, and DI water respectively. This mainly indicated 3 that the pH of solutions with small ammonia capturing tendency responds so quickly. As 4 ammonia is being received, the permeate pH tends to increase owing to the reduction of acidity 5 and the formation of ammonium hydroxide solution [28] . This pH increase continues and might 6 grow into a strong alkaline pH. A typical example can be seen in Fig. 4(b) and Fig. 2(f) .
7
However, the ammonia mass transfer in the HFMC operation is strongly linked to its 8 transmembrane pH difference which is a powerful ammonia driving force. Hence it is advisable 9 to keep the permeate pH as low as possible in order to receive more ammonia gas. This has been As ammonia is being received, the temperature of the permeate solution was also observed to 14 increase in different ways for different acids. This spontaneous temperature increase was higher 15 for sulfuric acid which showed 1.7°C increase in 2h followed by nitric acid which is 1.1°C, and 16 phosphoric acid 0.5°C see Fig. 2(d) . Moreover, this temperature increase was very fast and steep 17 in nitric acid while it is gentle and slow in phosphoric acid. The temperature increase in the 18 permeate solution was attributed to the exothermic reaction occurred between the ammonium ion 19 and the acid dissociation anions. The highest temperature in the nitric acid was also mainly 20 happening from the explosive behavior of the ammonium nitrate compound. The other interesting response observed from the ammonia capturing was the feed and permeate 2 conductivity decline. The feed side conductivity change was carefully measured and showed a 3 substantial decline (from ~56 to ~54 ms/cm in 2h see Fig. 2(e) ). Sulfuric acid was relatively the 4 most capable reducing the feed side conductivity and pH as the decline was mainly associated 5 with the ammonia migration tendency. Moreover, as the ammonia abstraction increases, the 6 conductivity of the permeate solution also significantly decreased (see Fig. 2(c) and (f) ). This 7 was mainly because the acidic permeate solution with high conductivity was slowly changing to 8 NH 4 SO 4 solution which has smaller conductivity than the previous acidic media. There are also 9 cases at which the conductivity decrease initially and then tends to continuously increase 10 thereafter (see Fig. 2(f) ). This is mostly happening in very week acid solutions in which initially 11 the pH decreases when the weak acid turns to dilute ammonium sulfate solution but later, with 12 receiving more ammonia, the conductivity starts to significantly increase owing to the formation 13 of alkaline ammonium hydroxide solution having high electrical conductivity. Generally, lower 14 permeate conductivity is preferable for fertilizer production if we have to consider conductivity 15 as one of the HFMC operating criteria. Usually, the permeate solution has to be diluted many 16 times to be applied as a fertilizer for plant growth. The average conductivity of irrigation water 17 should be less than 900 µs/cm. (2) to (8)).
4
As can be seen in Fig. 4(e) , the permeate ammonia uptake tendency didn't necessarily 5 increase with the increasing permeate acid concentration of both sulphuric and phosphoric acid. The permeate chemistry in the DCMD process strongly affects the nitrogen recovery potential of 9 the hydrophobic membrane. Any low pH acidic receiving solutions can be used as a permeate 10 side solutions. However, their selection merely depends on the purpose for which the final 11 ammonium-based product is to be utilized. The study on the ammonia capturing performance of 12 diluted sulfuric acid, phosphoric acid, nitric acid, and DI water confirmed that acid concentration, 13 and permeate side operating pH were the most important parameters. The pH determines the 14 speciation equilibrium condition and should be carefully studied. Moreover, there is always an 15 optimum acid concentration for certain specific HFMC operating conditions at which maximum 16 ammonia can be harvested. Therefore permeate side acid concentration has to be optimized for 17 every HFMC condition. The study also confirmed that the effect of the acid type was not 18 significant. Even though different types of acids behave in a different manner as receiving-19 solution, the overall ammonia uptake efficiency was not really a big issue. We can use any 20 diluted inorganic acid as long as the price and final application product solution was acceptable.
21
The study of ammonia capturing performance and economic analysis of bending the acid with 22 21 the basic acid and buffer properties can be a good future study topic. 
